Dopamine D 3 receptors are implicated in cue-induced relapse to drug seeking. We have previously shown that systemic administration of a selective D 3 antagonist reduces cue-induced reinstatement of nicotine seeking in rats. The current study sought to investigate potential neural substrates mediating this effect. The D 3 antagonist SB-277011-A (0.01-1 mg/0.5 ml/side) infused into the basolateral amygdala or the lateral habenula, but not the nucleus accumbens, significantly attenuated cue-induced reinstatement of nicotine seeking. Moreover, infusion of SB-277011-A (1 mg/0.5 ml/side) into the basolateral amygdala or lateral habenula had no effect on food selfadministration. Together with the finding that systemic SB-277011-A had no effect on extinction responding, this suggests that the effects observed here were on reinstatement and cue seeking, and not due to nonspecific motor activation or contextual-modified residual responding. The further finding of binding of [
INTRODUCTION
Cigarette smoking has been termed a global epidemic by the World Health Organization (WHO, 2006) . In animal models of substance abuse, cue-induced reinstatement has high predictive validity and has been used extensively to study the neurobiology of drug seeking (Epstein and Preston, 2003; Shaham et al, 2003) . There are five subtypes of dopamine receptor, of which the dopamine D 3 receptor has received attention as a possible therapeutic target for addictions, including nicotine dependence (Joyce and Millan, 2005) . This is due to the localization of D 3 receptors in areas such as the amygdala, nucleus accumbens, and habenula (Bouthenet et al, 1991; Diaz et al, 2000) , which are implicated in addiction processes (Heidbreder, 2005) . Indeed, systemic administration of the selective D 3 antagonist, SB-277011-A, attenuated cue-induced reinstatement of nicotine seeking (Khaled et al, 2010) . In addition, repeated systemic administration of nicotine to animals produced an elevation in D 3 binding sites (Le Foll et al, 2003a) and D 3 antagonism reduced the response to a conditioned stimulus (Le Foll et al, 2003b; Le Foll et al, 2005) . Furthermore, recent imaging studies revealed elevations in dopamine binding to D 3 receptors in the brains of smokers after smoking a single cigarette (Le Foll et al, 2014) . Despite converging evidence that D 3 receptors are involved in (relapse to) nicotine use, the underlying neural circuit remains to be determined.
The amygdala, the nucleus accumbens, and their dopaminergic innervations are viewed as key structures underlying drug relapse, including relapse to nicotine (Everitt et al, 1999) . In particular, D 3 receptors in the basolateral amygdala have been implicated in cocaine seeking maintained by conditioned stimuli. Infusion of the selective antagonist, SB-277011-A, into the basolateral amygdala disrupted responding for cocaine under a second-order schedule of reinforcement (Di Ciano, 2008) , a behavior that, like cue-induced reinstatement, is maintained by the earned presentations of drug-paired-conditioned stimuli (Di Ciano and Everitt, 2005; Goldberg et al, 1975) . By contrast, infusion of the D 3 antagonist into the nucleus accumbens shell was without effect (Di Ciano, 2008) . Although suggestive as to the role, or lack thereof, of D 3 receptors in the basolateral amygdala and nucleus accumbens in conditioned stimulus-maintained behavior, it is not known whether D 3 receptors are involved in nicotine-seeking maintained by conditioned stimuli.
Another area that has received recent attention is the habenula. The habenula can be divided into two main subdivisions, the medial habenula and the lateral habenula. Chronic nicotine produced selective degeneration in the medial habenula (Carlson et al, 2001) , whereas aversion to nicotine is also regulated in the medial habenula (Fowler et al, 2011; Frahm et al, 2011) . By comparison, it is the lateral habenula that appears to code reward-relevant information and was the only one of a number of limbic structures studied to show c-fos immunoreactivity in rats that were sensitized to amphetamine (Hamamura and Ichimaru, 1997) . A potential role for the lateral habenula in cue-maintained behavior was identified by findings of c-fos immunoreactivity in the lateral habenula during cue-induced reinstatement of heroin seeking (Zhang et al, 2005) and during the expression of conditioned locomotion to a cocaine-paired environment (Brown et al, 1992) . The lateral habenula has been implicated in the mechanisms underlying reward and learning (Lecourtier and Kelly, 2007) . However, effects of lesions of the lateral habenula, or manipulations of D 3 receptors therein, on cueinduced reinstatement of nicotine seeking remains to be determined.
The purpose of the present study was to investigate the effects of infusions of the selective D 3 antagonist, SB-277011-A, which has 100-fold selectivity over D 2 receptors (Reavill et al, 2000) , into the basolateral amygdala, nucleus accumbens, and lateral habenula on cue-induced reinstatement of nicotine seeking. It was hypothesized that antagonism of D 3 receptors in all three areas would attenuate reinstatement, thus underscoring their important functions in this behavior and potential interactions between these areas. Control experiments were conducted to determine whether the effects were due to any impairments of operant behavior. In addition, SB-277011-A was administered systemically to examine effects on responding in extinction. The D2-selective antagonist, L741626, was administered before cue-induced reinstatement to further delineate whether effects observed are selective to D 3 receptor. That is, previous studies have shown that eticlopride, a D 2 antagonist that has equal affinity for all D 2 -like receptors (D 2 , D 3 , D 4 ), decreased cue-induced reinstatement of nicotine seeking (Liu et al, 2010 ), but it is not known whether this effect is due to an effect at the level of D 2 or D 3 . A further aim of this study was to evaluate [ 125 I]7-OH-PIPAT binding in the basolateral amygdala and lateral habenula to demonstrate that D 3 receptors are indeed present in these areas. Binding in the NAcc has been extensively studied and demonstrated in the past (Bouthenet et al, 1991; Levant, 1998; Levesque et al, 1992; Stanwood et al, 2000) , but binding in the basolateral amygdala and lateral habenula has not been studied a great deal.
MATERIALS AND METHODS

Animals
Behavioral studies were conducted in 46 male, Long-Evans rats (Charles River, Canada; 250-275grams) individually housed in a temperature-controlled environment on a 12 h reversed light/dark cycle and maintained on 18-20 g of chow/day. Experimental procedures were carried out in compliance with the guidelines of the Canadian Council on Animal Care, and were approved by the institutional Animal Care Committee.
Autoradiography studies were conducted in young adult male Sprague Dawley rats (200-230 g, Iffa Credo, France) that were maintained under a 12 h light/dark cycle with constant temperature and humidity. Food and water were available ad libitum. The experimental procedures were performed in strict accordance with European Communities Council Directive of 24 November 1986 (89/609/EEC) and were approved by the regional ethical committee for animal experimentation, Ile-de-France-Paris Descartes (France).
Drugs
Nicotine hydrogen tartrate (Sigma-Aldrich, St Louis, MO, USA) was dissolved in saline, the pH was adjusted to 7.0 (±0.2), and the solution was filtered through a 0.22-mm syringe filter (Fisher Scientific, Pittsburgh, PA, USA). Nicotine (30 mg/kg/infusion) was administered intravenously in a volume of 0.1 ml/kg/infusion. SB-277011-A (trans-N-[4-[2-(6-cyano-1,2,3,4-tetrahydroisoquinolin-2-yl) ethyl]cyclohexyl]-4-quinolinecarboxamide) was provided by Dr Steven Goldberg (NIH, NIDA, IRP), as part of an ongoing research collaboration. For local infusion, SB-277011-A was dissolved in 10% DMSO in 10% w/v hydroxypropyl-b-cyclodextrin in sterile water and was locally infused into the specified areas in the brain, 5 min before testing, in a volume of 0.5 ml/side. For systemic injections, the vehicle was 10% cyclodextrin in sterile water. The 0, 1, and 3 mg/kg doses were given in a volume of 1 ml/kg, whereas the 10 mg/kg dose was given in a volume of 2 ml/kg. For systemic L741626 (Sigma-Aldrich), the vehicle was saline with one drop of Tween 80.
Apparatus and Food Training
Methods are as previously reported (Forget et al, 2010; Gamaleddin et al, 2011; Khaled et al, 2010) . Briefly, rats were trained to lever press for food such that each lever press resulted in a 45 mg food pellet (Bioserv, Frenchtown, NJ, USA). During the food training sessions, the house light was on and pressing for food resulted in food. As the purpose of this training was to establish operant responding, no cue light was presented at this stage to prevent an association being formed between food and a cue light (associations between nicotine and cue were formed in the sections detailed below). One hour sessions were conducted for 5 days or until animals reached criterion, defined as at least 100 reinforcements within a 20 minute interval. Following food training, animals were assigned to either nicotine self-administration conditions (with an intravenous catheter) or food control experiments.
Self-Administration Procedures
Techniques for surgical implantation of an intravenous catheter were similar to those previously reported (Khaled et al, 2010) . At least 1 week after surgery (for nicotine experiments), self-administration training was carried out in daily 1 h sessions. The acquisition phase was conducted under a fixed ratio (FR) schedule of reinforcement where schedule requirements gradually increased from FR-1 (one active lever press resulted in the delivery of an infusion of 30 mg/kg/infusion of nicotine base, or a 45 mg food pellet in food control groups) to FR-5 (5 days under FR-1, 3 days under FR-2, then FR-5 until stability). A time-out period of 60 s followed each reinforcement during which lever pressing had no consequences and the cue light above the active lever remained illuminated. This illumination of the cue light served as the conditioned stimulus. Self-administration was allowed to stabilize over a total of at least 12 days of training under FR-5. The criterion for stability was a minimum of 10 infusions of nicotine and a ratio of active : inactive lever presses of 2 : 1 for 3 consecutive days. Following criterion, animals were implanted with intracranial cannulae.
Intracranial Cannulation Surgery
Guide cannulae (22 gauge, Plastics One) were bilaterally implanted 2.0 mm above the target site according to the following coordinates: basolateral amygdala: À 2.5AP, ± 5ML, -6.6DV; nucleus accumbens: þ 1.6AP, ± 1.7ML, À 4.7DV (with 61 off-vertical angle of approach; convergent), and lateral habenula: -3.6AP, ±2.5ML, -3.1DV (with 201 off-vertical angle of approach; convergent; Paxinos and Watson, 1997 ; incisor bar at À 3.3). Cannula occluders (28 gauge, Plastics One) were inserted into the guide cannulae immediately after the surgery. Following recovery, self-administration sessions were resumed for a minimum of 2-3 days under an FR-5 schedule, to ensure the surgeries had no effect on the operant behavior. Once stable, animals entered the extinction and reinstatement phase of testing.
Extinction Training and Cue-Induced Reinstatement of Nicotine Seeking
During extinction, responses on the active or inactive levers had no consequence. Extinction criteria were met when the number of presses on the active lever was o20 and o15% of the average number of responses made on the last 3 days of self-administration. During reinstatement tests, responses on the active lever (on a FR-5 schedule) resulted in contingent presentation of the cue (60 s illumination of the cue light above the active lever) without nicotine availability. The session began with a single 60-s noncontingent presentation of the cue light.
Local Infusion of SB-277011-A
Rats received intracranial microinfusions of the vehicle or SB-277011-A according to a counterbalanced withinsubjects design. Microinjectors (28 gauge, Plastics One) were inserted into the guide cannulae and extended to the target site. A volume of 0.5 ml of SB-277011-A (0.01, 0.1 or 1 mg/0.5 ml) or vehicle (10% DMSO in 10% w/v hydroxylpropyl-b-cyclodextrin in sterile water) was infused into each side over the course of 1 min using a microinfusion pump (Harvard Apparatus), 5-10 min before a test session. The microinjectors were left in place for 1 min after the infusion. Testing sessions were separated by at least 2 days of responding in extinction.
Effects of Intracerebral Infusion of SB-277011-A on Cue-Induced Reinstatement
Following extinction criterion, reinstatement was conducted as described above. Each rat received SB-277011-A infused into the basolateral amygdala (n ¼ 7), the nucleus accumbens (n ¼ 8), or the lateral habenula (n ¼ 7). Each rat received doses in a counterbalanced order. At least 2 days of responding in extinction separated each test day with infusions. Infusions were given on the day after extinction criterion was reached. Doses were selected based on a previously published report (Xi et al, 2004) .
Effects of Intracerebral Infusion of SB-277011-A on Food-Maintained Responding
Following stable responding for food, separate groups of rats were implanted with guide cannulae into either the basolateral amygdala (n ¼ 5) or the lateral habenula (n ¼ 6) and received counterbalanced infusions of either SB-277011-A (1 mg) or vehicle. These areas were selected due to the significant effects obtained in the cue-induced reinstatement test for nicotine. Control experiments on responding for food were conducted to verify that effects obtained were not due to alterations in general motivation produced by infusion of SB-277011-A into the brain; these studies allowed for the interpretation of the effects in terms of changes in responding for the cue per se. Thus, these experiments were a control for the potential effects of SB-27011-A on motor activation, behavioral activation, or nonspecific reward. Animals were trained using the same parameters as those for nicotine self-administration, namely, training progressed from a FR-1 to a FR-5 schedule of reinforcement (5 days of FR-1, 3 days of FR-2, and 12 days of FR-5). Following stable acquisition of food administration, defined as o20% variability in the number of pellets self-administered for 2 consecutive days, rats were implanted with intracranial cannulae into either the basolateral amygdala or lateral habenula using the procedures and coordinates given above. Following surgery, rats were stabilized again on food self-administration. Rats were infused with either 0 or 1 mg of SB-277011-A in a counterbalanced order as described above. At least 2 days of food self-administration separated each infusion day.
Effects of Systemic SB-277011-A on Extinction
On reaching the extinction criterion, rats were given four counterbalanced (Latin Square design) i.p. injections of SB-277011-A (0, 1, 3, and 10 mg/kg) in 10% cyclodextrin vehicle 30 min before extinction sessions. At least 2 days of extinction baseline separated each test with SB-277011-A. These doses were selected based on previous reports (Di Ciano et al, 2003) . These studies allowed for the demonstration that the effects of intracerebral SB-277011-A was not due to motor activation or activity levels in general.
Effects of Systemic L741626 on Cue-Induced Reinstatement of Nicotine Seeking
Once the animals reached the extinction criterion, they were given four counterbalanced (Latin Square) s.c. injections of the selective D 2 antagonist L741626 (0, 0.1, 0.3, and 1 mg/kg in 1 ml/kg, 30 min pretreatment time) before reinstatement tests. At least 2 days at extinction baseline separated each test with L741626. These doses were selected based on a previously published report (Collins et al, 2012) .
Histological Examination
Rats were overdosed with pentobarbital (350 mg/kg, i.p.) and 0.5 ml of cresyl violet dye was infused bilaterally into the target area using microinjectors inserted into the guide cannulae. The rats were then decapitated. Brains were dissected, flash frozen in methyl-butane on dry ice, and stored at À 65 to À 80 1C until sectioning. Serial coronal sections (25-mm thick) were obtained using a cryostat at -25 1C thaw mounted on pre-cleaned glass slides, and examined for verification of the placement.
Data Analysis of Effects of SB-277011-A or L741626
A two-way dose (extinction, vehicle, three doses of SB-277011-A) Â lever (active, inactive) analysis of variance (ANOVA) with repeated measurements was used to analyze the effects of SB-277011-A or L741,626 on cue-induced reinstatement. The effects of SB-277011-A on food-taking behavior or extinction were analyzed with one-way ANOVAs on the effects of dose (five levels: extinction, vehicle, and three doses of SB-277011-A). Tukey's post hoc test was used to assess the differences between individual means (extinction baseline vs vehicle and vehicle vs each dose of SB-277011-A). To assess baseline during extinction, the two extinction days before each reinstatement test were averaged. Data were analyzed with GraphPad Prism 6.
Receptor Autoradiography
Rats were decapitated, brains were rapidly removed and immediately frozen by isopentane cooled by dry ice ( À 40 1C), and conserved at À 75 1C until sectioning. Coronal brain sections 10-mm thick were prepared on a cryostat (JUNG3000, Leica), thaw mounted onto slides (SuperFrost-Plus MenzelGlaser), and kept at À 75 1C until use for autoradiography.
Unfixed sections were thawed by bringing slides to 4 1C and then washed at room temperature three times for 5 min in 50 mM sodium-HEPES buffer (pH 7.5) containing 1 mM EDTA and 0.1% BSA. For specific binding, sections were incubated for 45 min at room temperature in the same buffer containing 0.
trans-7-0H-PIPAT, 2200 Ci/mmol, Amersham Life Science, Arlington Heights, IL), a selective D 3 receptor radioligand. Nonspecific binding was determined by incubating adjacent brain sections in the same medium in the presence of 1 mM dopamine. Following incubation, slices were washed four times (2 min each) in ice-cold sodium-HEPES buffer containing 100 mM NaCl, dipped in ice-cold distilled water, and then dried under a stream of cold air. Autoradiograms were generated by apposing sections and autoradiographic [ 
Data Analysis of Receptor Audioradiography
Autoradiograms from receptor binding were analyzed by using the MERCATOR software (Explora Nova, Paris, France). All optical density values were converted to nCi/mg tissue equivalent by means of standard curves generated using the autoradiographic [ 125 I]7-OH-PIPAT-specific binding was prominent and restricted to the medial portion of the lateral habenula ( Figure 1a ; Table 1 ). Detailed analysis of autoradiograms at the level of the habenular complex indicated that D 3 receptor expression was restricted to the parvocellular and central subnuclei of the medial division of the lateral habenula, which concentrates the dopamine mesohabenular TH-immunoreactive nerve terminals (Geisler et al, 2003) . A distinct, although lower, [
125 I]7-OH-PIPAT-specific binding was also detected in the medial part of the basolateral amygdala ( Figure 1c ; Table 1 ), thalamus, and lateral hypothalamus (Figure 1a and c; Table 1). [ 125 I]7-OH-PIPAT binding in these areas was completely inhibited in the presence of 1 mM of dopamine, leaving a negligible and uniform nonspecific labeling (Figure 1b and d) . In contrast, [
125 I]7-OH-PIPAT binding in the hippocampus complex was not inhibited in the presence of dopamine (Figure 1a-d) .
cue-induced reinstatement was observed, whereas no effects of infusion in the nucleus accumbens were seen (Figure 2 ). For all brain regions, responding during reinstatement was greater than that during extinction. A two-way ANOVA revealed a significant dose Â lever interaction for the basolateral amygdala (F 4,24 ¼ 8.61, po0.001; n ¼ 7), lateral habenula (F 4,24 ¼ 6.943, po0.01; n ¼ 8), and nucleus accumbens (F 4,28 ¼ 13.403, po0.01; n ¼ 7). A one-way repeatedmeasures ANOVA on the effect of dose revealed a significant effect for the basolateral amygdala (F 4,24 ¼ 8.01, po0.01), nucleus accumbens (F 4,28 ¼ 11.74, po0.01), and lateral habenula (F 4,24 ¼ 6.20, po0.05) for the active lever. Tukey's post hoc test revealed a significant difference between extinction and vehicle treatment (po0.01) for all brain areas for the active lever. For the basolateral amygdala and lateral habenula, significant differences between vehicle and each dose of SB-277011-A (po0.01) were found for the active lever. There were no significant effects on inactive lever pressing.
Effect of Intra-Basolateral Amygdala and Intra-Lateral Habenula Infusions of SB-277011-A on Food Self-Administration
Infusion of SB-277011-A into the basolateral amygdala (Figure 3a ) or lateral habenula (Figure 3b ) had no effect on intake of food under a FR-5 schedule. A one-way repeatedmeasures ANOVA revealed no effect of dose for either the basolateral amygdala (p40.05; n ¼ 5) or lateral habenula (p40.05; n ¼ 6).
Effect of Systemic SB-277011-A on Extinction
Administration of four counterbalanced doses of SB-277011-A to rats resulted in a stable pattern of responding (Figure 3c) . A one-way repeated-measures ANOVA revealed no effect of dose (p40.05; n ¼ 6).
Effect of L741626 on Cue-Induced Reinstatement of Nicotine Seeking
Administration of four counterbalanced doses of the selective D 2 antagonist resulted in decreases in cue-induced reinstatement (Figure 3d) . A two-way dose Â lever ANOVA revealed a significant interaction (F 4,24 ¼ 4.970, po0.05). A one-way ANOVA revealed a significant effect of dose (F 4,24 ¼ 4.389, po0.01; n ¼ 7) for the active lever. Post hoc tests with Tukey's revealed a significant difference between extinction baseline and vehicle treatment, and a significant difference between vehicle and the high dose (1 mg/kg) of L741626. No effects on the inactive lever were revealed. Figure 4 shows the location of microinjectors tips within the brain areas investigated in the current study. Rats were only included in the study when the histological analysis showed that microinjectors tips were bilaterally placed within the target site.
Histological Examination
DISCUSSION
The purpose of the present study was to determine the effect of intracerebral infusion of the D 3 antagonist SB-277011-A into the basolateral amygdala, lateral habenula, or nucleus accumbens on cue-induced reinstatement of nicotine seeking. It was found that SB-277011-A attenuated cueinduced nicotine seeking when infused into the basolateral amygdala or lateral habenula but not the nucleus accumbens. Control experiments demonstrated that SB-27011-A did not have any effect on food seeking when infused into the basolateral amygdala or lateral habenula and that systemic SB-277011-A did not attenuate responding in extinction. The selective D 2 antagonist L-741,626 decreased cue-induced reinstatement suggesting that this receptor subtype is also involved in nicotine seeking.
The present study found that D 3 receptors are localized to the lateral habenula, basolateral amygdala, thalamus, and hypothalamus. In particular, the binding in the lateral habenula was dense, as compared with that in the basolateral amygdala. The distribution and densities of binding sites were consistent with that displayed by the D 3 immunoreactivity in the lateral habenula in previous reports (data not shown; Diaz et al, 2000) . The present findings thus confirm and extend previous reports (Bouthenet et al, 1991; Diaz et al, 2000) as to the distribution of D 3 receptors in brain areas that are important in addictions, including nicotine dependence (Heidbreder, 2005) .
In the present study, intra-basolateral amygdala and intra-lateral habenula infusion of SB-277011-A reduced the level of cue-induced reinstatement of nicotine seeking, suggesting a role for the basolateral amygdala and lateral habenula D 3 receptors in the modulation of cue-induced reinstatement of nicotine seeking. No effects were observed on responding for food following infusion of the same doses of SB-277011-A into these brain areas, suggesting that the attenuation of reinstatement observed was not due to nonspecific effects of the drug. Further, no effects were observed on the inactive lever. Responding on the inactive lever can increase when the ability of the lever to maintain discriminative responding is altered and thus, no effects in this type of control were observed. Also supporting a selectivity of the effect is the finding that systemic SB-277011-A had no effect on extinction responding. The effect is thus likely due to an impact on the properties of the conditioned stimulus that reinstated behavior as opposed to an activational effect of the operant chamber or residual responding on the lever. In addition, it is unlikely that the effects of the D 3 blockade observed in the current study are due to a disruption of other factors, such as an effect on cue light perception, memory, or learning, or due to a decrease in attention. Recent studies showed that D 3 blockade has an important role in enhancing memory, attention, and learning (Nakajima et al, 2013) . Moreover, D 3 antagonists were shown to improve learning deficits in memoryimpaired rats (Laszy et al, 2005) . The current findings are, therefore, most likely to be attributed to a specific effect on the ability of conditioned stimuli, previously paired with the Figure 2 The effect of SB-277011-A (0.01-1 mg/ml/side), or vehicle (0), locally infused into the basolateral amygdala (BLA; n ¼ 7; a), nucleus accumbens (NAcc; n ¼ 8; b), or lateral habenula (LHb; n ¼ 7; c) on the mean (±SEM) number of active (filled symbols) or inactive (open symbols) lever presses during cue-induced reinstatement of nicotine seeking. www Significant reinstatement was obtained following infusion of vehicle as compared with extinction (po0.05). *Intra-basolateral amygdala and intralateral habenula infusions of SB-277011-A significantly reduced cue-induced reinstatement at all the doses tested compared with vehicle (po0.01). Intra-nucleus accumbens infusions of SB-27701-A had no effect on active lever responding. No effect of vehicle or drug was seen on inactive lever presses. Paxinos and Watson (1997) . Numbers refer to anterior-posterior coordinates relative to bregma.
D3 receptors in the BLA and LHb and nicotine seeking MATM Khaled et al administration of nicotine, to reinstate extinguished nicotine-seeking behavior in the absence of nicotine (primary reinforcer). In contrast to the findings in the basolateral amygdala and lateral habenula, the present study showed that intranucleus accumbens infusions of SB-277011-A had no effect on cue-induced reinstatement of nicotine-seeking behavior. It should be noted that the tips of the cannulae in the present study were located preferentially in the nucleus accumbens shell, and not the nucleus accumbens core, posing the question as to differences in function between the nucleus accumbens core and nucleus accumbens shell. Indeed, the lack of effect in the nucleus accumbens shell in the present study is in keeping with the consensus of literature that the nucleus accumbens core, but not the nucleus accumbens shell, mediates cue-induced reinstatement (Bossert et al, 2007; Fuchs et al, 2004; Rogers et al, 2008) . It may be that D 3 receptors function in a different capacity with respect to cue-maintained seeking of drugs. Indeed, in a recent study, it was found that infusion of SB-277011-A into the nucleus accumbens shell or core decreased the incubation of drug seeking over time, whereas infusion into the basolateral amygdala was without an effect (Xi et al, 2013) . These findings are complementary to the present ones and highlight parallel circuits involving D 3 receptors in cue-maintained drug seeking.
The present findings are in keeping with a study showing that the infusion of SB-277011-A (4 mg/0.3 ml/side) into the basolateral amygdala reduced cocaine seeking maintained by the presentation of cocaine-associated cues, under a second-order schedule of reinforcement (Di Ciano, 2008) , whereas infusion into the nucleus accumbens shell had no effect. This is consistent with the established body of evidence linking the basolateral amygdala, and its dopaminergic innervations, to conditioned reinforcement processes, which may be relevant to nicotine dependence (Everitt et al, 1999) . Specifically, dopaminergic mechanisms may interact with glutamatergic receptors in the nucleus accumbens core (Di Ciano and Everitt, 2004) to control behaviors mediated by conditioned reinforcers such as cueinduced reinstatement. For example, it was demonstrated that infusion of an NMDA antagonist into the nucleus accumbens core increased cue-induced reinstatement (D'Souza and Markou 2014). The authors interpret this as an evidence that glutamate in the nucleus accumbens may negatively modulate nicotine seeking. It remains to be determined whether the nucleus accumbens core functions in cue-induced reinstatement of nicotine seeking and whether these mechanisms may be dopaminergic or glutamatergic.
The lateral habenula is emerging as a neural site potentially involved in neuropsychiatric disorders including depression, schizophrenia, and drug addiction (Lecourtier et al, 2004) . Recently, this region has been found to be involved in several processes including learning (Lecourtier and Kelly, 2007) and reward (Morissette and Boye, 2008) . The relationship between the lateral habenula and the dopaminergic neurons in the ventral tegmental area is of special interest, given the projection of the ventral tegmental area to the basolateral amygdala. In primates, the response of the lateral habenula was found to be opposing and preceding that of the ventral tegmental area dopamine neurons following the presentation of rewardpredictive or non-predictive stimuli, and weak stimulation of the lateral habenula resulted in the inhibition of the dopamine neurons (Matsumoto and Hikosaka, 2007) . A recent study has found that deep brain stimulation of the lateral habenula decreased cocaine self-administration, promoted extinction behavior, and attenuated cocaineinduced reinstatement of cocaine seeking (Friedman et al, 2010) , suggesting a role for the lateral habenula in drugconditioning and reinstatement processes that may be relevant to nicotine dependence. Given the inhibitory relationship of the lateral habenula with the dopamine system, the results of the study by Friedman et al (2010) are consistent with the present results in that inhibition of the dopamine system produced by stimulation of the lateral habenua resulted in decreased drug seeking, similar to the present findings that inhibition of the dopamine system (through antagonism of dopamine receptors) attenuated nicotine seeking. Further evidence for a role of the lateral habenula in addictions in general was provided by the findings of Zhang et al (2005) , who demonstrated that the reintroduction of heroin-associated cues, which reinstated extinguished heroin-seeking behavior, also increased c-Fos immunoreactivity in the lateral habenula, a sign of neuronal activation (Zhang et al, 2005) . Taken together, the findings of the current study add to a growing interest in a role for the habenular complex in nicotine-seeking behavior, and support a growing body of evidence implicating the lateral habenula-dopaminergic interaction in reward signalling, reward prediction, and drug conditioning.
In the present study, an effect of the selective antagonist, L741626, was found on cue-induced reinstatement of nicotine seeking. This is consistent with the previous finding that eticlopride decreased cue-induced reinstatement of nicotine seeking (Liu et al, 2010) . Eticlopride has traditionally been classed as a D 2 antagonist, but it targets all types of D 2 receptors, including the D 3 and D 4 subtypes, the latter has recently been shown to control nicotine seeking (Yan et al, 2012) . Thus, it has been difficult to determine which receptor subtype was mediating the effects of D 2 ligands. In the present study, the selective D 2 antagonist, L741626, was used and was able to block cueinduced reinstatement of nicotine seeking suggesting that D 2 is involved in mediating nicotine-seeking behavior. Together with our earlier reports that systemic administration of selective D 3 (Khaled et al, 2010) and D 4 antagonist (Yan et al, 2012) blocked cue-induced reinstatement of nicotine seeking, this suggests that all D 2 subtypes mediate nicotine seeking. Further demonstration of the specific involvements of the selective receptor subtypes could be provided by using transgenic mice lacking the D 3 receptor, as already reported by some investigators (Song et al, 2012) . These receptor subtypes have been shown to have different behavioral correlates (Watson et al, 2012) and also to be differentially regulated in the addiction process (Boileau et al, 2012; Staley and Mash, 1996; Volkow et al, 2001) . Thus, it is likely that their contributions to cue-induced reinstatement may be complementary, perhaps being mediated by different brain systems. For example, it was found that administration of eticlopride into the caudate reduced cue-induced reinstatement of morphine seeking (Gao et al, 2013) , whereas administration of SB-277011-A into the caudate had no effect on stimulus-controlled behavior as measured using second-order schedules of cocaine reinforcement (Di Ciano, 2008) . Thus, the caudate may represent an area of further investigation with respect to dissociable mechanisms of D 2 vs D 3 receptor involvement.
In summary, the current study demonstrates a role for the basolateral amygdala and lateral habenula D 3 receptors in cue-induced reinstatement of nicotine-seeking behavior, whereas the nucleus accumbens D 3 receptors appear to have no such role. Given the presence of D 3 receptors in the nucleus accumbens shell, future studies may investigate the exact contribution of this brain region to drug seeking. The present findings emphasize the regional selectivity of D 3 receptors in controlling cue-induced reinstatement of nicotine seeking. Interactions between these brain areas in the control of nicotine seeking remain to be determined. Given the finding that D 2 receptors are also involved in reinstatement, future studies may uncover the relative contribution of D 3 and D 2 receptors to nicotine seeking and the different brain areas that may subserve these roles. The current findings expand the basic understanding of the mechanisms and areas through which D 3 receptors influence stimulus-reward associations leading to relapse. Extrapolation of the current data to humans suggests a strong potential for D 3 -selective antagonists as therapeutic agents for the prevention of relapse to smoking.
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